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'^'^^f^..^ cone.™ .ell^. eui.-.le 
,0. us. in the Oil ... »Plcratic„ P^"^"^"" 

,0 a».^^^ ^^^^^ ^ .^^^ " rr™" 

Of . l»gth Of arm pip. a cu«in, bit " 
„«t.a .ithar by «an, of a pri.. — " 

.t::«rr.trtrr.:iix 
X z:.'zzz iri — 

by circulating fluid in the «llbore. 

I„ either case a drlllina fluid is r«,uired to 
.e«ve cutting, fro. around the bit «K. to 

* ourface for separation and removax. 

20 the cuttings to the surface f P ,^^3 
The drilling fluid also cools the bit ^^J; 
both bit and drill pipe thus reducing fricti^^ 

m many cases it is possible to use as the _ 
arilling fluid a simple mixture comprising water and a 
tiectiti clay which increases the viscosity of the 
" d for thl purposes of suspending and transpor^ ng 

. » However it is often necessary to drill a 
:::rr^nS;u,rgro,ioal fo^tion. th. constituent 
, .hich wall and disintegrate on contact 

30 with ' ^„ «« liquid phase 

" !^^oii or of «t.r-in.oil -invert- »ul.ions. 

"""srIil bLsed drilling fluid, avoid the hydration 

" ::rrd frds^ .Lanced lubrication of the drill 


PCT/GW4AH877 

WO 95/06694 

^poun*, Which are " ^^^^Ji'^tic 

«=" "3 "i Phas. of arming 

10 fluid.. These ere of feedstocks by . 

,„el end ere P'""'-^ ^ conc«.tr.tio. of 

variety of ^'-^-J^^* I^Xeer .ro»tic. 
„on»tics end 1,., ebout 6» 

These oil. usuelly conteln 1. „i„ 
and substantial proportions of pa 
15 aromatios, ana suo ™eloBaraffins 

(naphthenics), a. well 4, . junction 

paraffins,. The ^rud. oil source, ^ 

Of the petroleum feedstocK U8« 
„ also the refining proc«. u»d^ 

«:cording to . "ff ^.^^^.ble «.llbore 

invention. th«re is P""^*^ ' co-pri... at 

nuid having a continuous o" '^^^ 10 to 20 

.„.- 50% by weight of en n-alkane havi g 
least su. y „,rture of such elkane.. 

» carbon ^ p„,erably .ub.t«>tially 

— %1 roi re rrre:.rably has 

wellbore fluid of ^^33 ^„ 5%, by weight 

rcyTo^aarirp--. — — ■ 
crr,roi.fin. ^ riurr: 

under anaerobic condition., ^^^J^J J„l.r.ted i. 

":rwerorrriurdTfre"ir:Lntion.for 
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example In amounts up to about 50% by volume of the oil 
Phase, in preferred embodiments of the invention any 
polyalphaolef in is present in an amount no greater than 
20% by volume, more preferably no greater than 10% by 
5 volume, and most preferably no greater than 5% by 

''^^"^he continuous oil phase of the wellbore fluid of 
present invention may contain up to 50% by weight 
of another biodegradable oil such as an ester oil as 
described in, for instance, EP-A-0374671 or EP-A- 
0374672 or a vegetable oil. 

The drilling fluid of the invention has high 
biodegradability, both under aerobic and anaerobic 
conditions, and low toxicity. 

The n-alkanes may be manufactured by the 
processing of renewable feedstocks obtained from 
vegetable oils or animal fats. For example, blends of 
n-alkanes, substantially free of other hydrocarbon 
tvoes and of suitable carbon chain length, may be 
p^u;ed directly from triglyceride oils and fats such 
as coconut oil or palm kernel oil. The vegetable oil 
can be reduced by hydrogen at high temperature and 
pressure (approximately 360-0 and at 40 to 100 bar), in 
thl preselcrof a catalyst, to yield substantially pure 
.5 n-alkanes of carbon number corresponding to the^tty 
acids combined in the triglyceride ester feedstock, 
propane is a by-product from the reduction of the 
glycerol component. The propane is readily separable 
fr^ the n-alkanes because of its volatility. Small 
30 quantities of n-octane which may result can be 
Lesirable with respect to the flash POi«^ °' 
product and may readily be removed by distillation if 
required, leaving a more preferable mixture of n- 

alkanes of C^q - 
35 Similarly, natural fatty acids may be 

decarboxylated or reduced to produce suitable n-alkanes 
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of high puril^. Fatty alcohols and alphaolefins may 
also be reduced to n-alkanes. 

m a preferred embodiment of the present 
invention, the n-alkanes of the present invention have 
5 from 12 to IB carbon atoms. 

surprisingly it has been found that the n-alkane 
mixtures of the present invention are highly 
advantageous for use as the continuous liquid phase of 
biodegradable oil based or invert emulsion -^^^^'^ 
10 fluids, (invert emulsion wellbore fluids normal y have 

a dispersed brine phase emulsified into the oil.) 

The wellbore fluids of the present invention may 
contain added pour-point depressants to reduce the pour 
point (freezing point) of the n-alRane mixture when it 
is desired to utilise the drilling fluid in a cold 

environment. ^ 

The oil-continuous wellbore fluids may be used at 
oil water ratios preferably in the range 25 : 75 and 

The liquid components of the wellbore fluid 
according to the invention may comprise an emulsion of 
a dispersed hydrophilic liquid in the continuous oil 

phase. . 
in order to accelerate biodegradation, the 

25 wellbore fluid according to the present 

further include added nutrients. Suitable nutrients 
include sources of the elements nitrogen, phosphorus 
and potassium, and preferably also trace elements such 
as iron required by bacteria. The nutrient may. for 

30 example, be dissolved in the aqueous phase if the 
wellbore fluid is an invert mud, or dispersed in the 

oil phase. , ^ 

The wellbore fluid may also include an electron 
acceptor, for example, hematite, nitrate salts, and 

35 sulphate salts. 

The principle of adding nutrients and/or an 
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«v«r. to a wellbore fluid may be extended 
electron acceptor to a wcaxbo 

to any wellbore fluid having a water- innniacible, or 
Oily Phase. Thus, in accordance with a further aspect 
If the present invention, there is P-^^^^^^"^^"'^ 

5 fluid cLprising an oily phase characterised in that 
the wellbore fluid further comprises sources of one or 
„ore of the elements nitrogen, phosphorus and 
potassium, added as nutrients for the purpose of 
fn^ling biodegradation of the oil pha— ^ the 

.0 wellbore fluid. Pref^ably, the ^^^^ 
comprises sources of each of the ^ 

in this aspect of the invention, the oil of the 
oil phase should be one which is capable of 
Tiodegrading in the presence of said nutrients under 
anaerobic conditions. 

xn th. .^llbor. fluid Of «a. fu«h« ..pect of 

. tha «.llbor. fluid »y «ldltion»lly 

tM Invention, tl>e •»i..">°r 

<,™ri3e source of ««:. required by 

ITJobic becterl. for effective blodegredetion «^ ».y 
20 «.dition.lly ««prl.. ». el-tron ecceptor to eld In 

"""l^Uo^lriddltlve. wblcK «y b. oonteined in t^ 
„libor. fluid include. ..uleifier. ^ otb^ surf^ 
"tive .,ent.. vlecoelfler. .uch « orsenocley. «.d 

or calcium carbonate, or other wellbore 

30 "-^oirTi :::^rr:i:::,«d.bie ..id. 

30 Otner oii » „,i. ney be included 

.e oil soluble esters, vegeteble oils, mey 

. ilnor proportion <e.g. less tb«> 50% by »si,bt, of 
^ continuous oil pbese of tbs --"J 

The emulsified water phase of the weiioo 
contain dissolved salts such as alkali metal 

Fot exs^l.. sodiu. cblorid., slKsUne esrtb 
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----- rrrr4 m::::^.^ 

adjusting the water activity oi w 
phase (to enhance drilling performance). 

prior to the present invention it was not 

5 rnot w ^ . ,^ ^^iiHore fluids could be 

appreciated that biodegradable wellbore flu 

.TV«n«s as the continuous liquia 
formulated using n-alkanes as we 
Phase nor was it appreciated that drilling fluids 
^Hd'be formulated whose continuous ^-'^^^ 

.0 substantial!. --:rirrs- ^^^^^ (as a 

advantageous P-^-^j;^^::/^ ,,3,,,,^ of the n- 
consequence of the lo» Kinam 
alK»e mixture). 1=« enough pour 
coldest envlro™«.«l conditions, »<=-'*'*^?''"* 

15 point. »lnl«l o" ""*„7"' 

eerelnogenicity, co^l«e .teado. fro. u.v. 


■^■^cordin, « . seoonO "P«* °* P"^* 
, tllr. i. provldl . "ethod of drilling . 

10 invention, were i» f* ^luid 

discharged to the oc«. floor or lend f«^ by 
Z5 speeding the cutting, on th. 

Jodagradatlon proce.«» effectively re««. the oil 

contamination. 

r^rri's rid^::: rnsTitmuous 
30 r:r'orr:.ith:re fiuid. of ^ ..^ -ng 

from 10 to 20 carbon atoma. 

The following examples illustrate the 
a^irllntal and technical properties ^ performance 
of the -ellbore fluids based on n-.lk««. of the 
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accordance with API RP 13B-2 1990. 

The following abbreviations are used. 

The kinematic viscosity of an oil in 


5 PV 


KV 

centistokes. 

The plastic viscosity of a drilling 
fluid (centipoise). Generally, a low 
PV is advantageous (as are low KV 


The apparent viscosity of a drilling 

fluid (centipoise). 
'° ^ The yield point (Ibs/lOO ft2) of the 

fluid and is a measure of the non 
Newtonian viscous characteristics. 

" Shear rates. Higher 6 rpm and 3 rpm 

values indicate greater thisotropy 
which is generally advantageous. 
A measure of the gelling and suspending 
Characteristics of the fluid (lbs/100 
2° determined using the Fann 

viscometer . 

Electrical Stability of an emulsion 
(volts), high numbers imply high 
stability. 

Hiah Temperature and High Pressure 
HTHP FL High Tempe 

Fluid Loss. A measure 
filtering a drilling fluid through a 
filter paper under HTHP conditions. 
Results in millilitres of filtrate. 
3° filtrate volumes are advantageous. 

EXAMFU 1 

35 T.bl. 1 "t^ch appears at tte end contained 
in the trt.1., o" Ci,, 14, 16, 18 
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52 

n-dodecane ^ 
n-tetradecane ^^^^ 
5 n-hexadecane 

«H» coconut Oil or pl. K«n^ 

J u « ai Wanes and the minor 
are processed to yield n-alkanes, anu 

,0 o. n-cct.« »a ««-a 

"""^»T.;i. 1 « i. cl«r to c,3 n-a..«» 

1„ c«n»rlaon to linear alKylben«n. (LAB) m 

tn^rolytic stability of n-alKan. bland, i. 
.0 ^»:i.nrin contrast to aster oil. ^ 

^trollabl, at te-pereture. in ^ of circa 

140'C. 

The n-alk.ne (Cij.i4.16.ie> -Lture det^lea in 
« Example 1 wa. tasta. for P-' ^ 
institute of petroleum »ethod IP15/67. 

" Similar t.«: «• P^'or.ed on a .a»le of the n 
.i.an^ Lature which -a. .oaad with 0.49% by weight of 
Tc^lrcial pour point ^e.»nt - EMPlom, PPT 
30 148*. 


•Trademark of Albright and Wilson 
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n-alkane mixture. 
(2) riW 0.49% EMPICRYL PPT 148. 


PCT/GB94/01877 


Pour Poin't *C 
-2'C 
-9*C 


n^iKtures may readily ^,f,,^ive use of the 

oour paint depressant to aiAow 
nuld^er COM «wiron«nt.l co„d«ions. 
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EXANPLE 3 

NAM 1218 ^ j^4g 

INTERDRILI' EMUL HT ^ 

INTERDRILL OW 2.5 9 

10 TRUFLO 100^ 2.5 g 

TRUDRII^ S 3.5 g 
TRUVIS HT* g 

Lime 10 g 
OCMA ball clay ^ 
15 calcium Chloride (86.5%) ^ 

water 460 g 

The properties we*.» -.oa^c The 
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30 


^ ,nd Plastic viscosity (AV 6 PV) of 
The Apparent and Plastic ^^^^ 

PAO fluid are more than double that of tn 

downhole rock formations). (ahR) the NAM 

From the results after heat ageing (AHR). tne 
From w« ^ * ^„/3 mm values and gel 

1218 fluid provides good 6 rpm/3 rpro va 

tL flow shear rate viscosity and suspending 
strengths (low shear ^^ity of high plastic 

w4m^^ without paying the penaxxy o 

rcdL-t, «uX.lon fluid. '—^"^ - 7,." 

t.t«. e.po.aa 1:0 such high «.P«.t«r.. 

EXAMPLE 4 

^ „-.lK.ne .l«ure of C^j « C.s '"'''^^^ 
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K of a wellbore fluid of the following 
continuous phase of a weixoo 

formulation: ^TiK«r« fluid 

Formulations per 350 mis of 

NAM 1218 g 
5 Emulsifier ^ ^ 

Organoclay viscosif ier ^ ^ 

Filtration reducer ^ ^ 

Lime 57 8 g 

water 19.7 g 

10 CaCl2 (86.5% purity) ^ 
OCMA ball clay ^ ^ 


15 


20 


and an oil:«ater ratio of ^O^^O 

A fluid of similar formulation was also m 
A fluia ox „„/TAB^ as the continuous 

using linear alkyl benzene(LAB) as tne 

""^^oth fluids were tested for hiodegradahility under 


Table 3 

i Fluid 


25 



30 


35 


The NAM 1218 based wellbore fluid is of 
eKcepIionally good biodegradability under aerobic 


conditions 

EXMPI*E 5 

The NAM 1218 wellbore fluid formulation as in 
. J^rZs compared for anaerobic biodegradability 
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, u f3 la) and potassium dihydrogen phosphate 

such nutrient addition would — ^""^^^^^ . 
.iodegradation process. The results obtained are 

illustrated in Table 4 below. 

Table 4 

pBase Fluid Type 
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15 



20 


25 


30 


35 


Anaerobic biodegradation of ^-^^"^""^r^^ 
V -..*«rials to carbon dioxide and methane 

As expected the mineral oix, wnxcn 

Helthet did the IKyl b..ed drlUiog 

"""Hoover th. H«. 121B fluid di«.l.y.d signlfic^t 

;nr« b, th. .ddition Of nutri»t «at. providing 
^ . Lent. ». P «^ K » -e'^' " 

, K... These are .urprlelnBly good rewilta. 
,ulph.t.. These ar />■ ,2..thylhexyl 

For comparison, the ester liui ,,.,4 a. 

oleate, is «ore blodegraded at 4..3%. but .«=h fluid, 
c^t be u.ed for hot «11 condition, above about 
140-C b«»u.a of hydrolyla of the ester. 

EXAMPLE 6 

The NAM 1218 wellbore fluid formulation as in 
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,.a^le 4 was tested for toxicity to Corophiu« 
:ortato. a sea^. sedi^nt //^^^^^ ^^^^ 

formulations using alternative oil phases wer 

as shown in Table 5. 

Table 5 


10 



result, -^v. the very •^'""'"-■J"^^!/" 
:^S0 (reduction In to.icity) provided b, the «M 

wellbore fluid. 
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» biodegradi^le -ellbore fluid h-vln, a 

eontiniou, oil Phase which ccprl.- at l««5a% hy 

^l,ht of n-.lkane having fro. 10 to 20 carbon 

_ . m-iw-t-ure of such alkanes. 
5 atoms, or a mixture or b n-lm 1 wherein 

2 Wellbore fluid according to Claim 1, wner 
the n-llkanes have from 12 to 18 carbon atoms. 

3 wellbore fluid according to claim 1 or 2 
wherei; the n-alKanes are ^-ived from th chemica 

lo orocessing of natural fats, vegetable oils, naturally 
" rervel fatty acids, or naturally derived fatty 

''"T" wellbore fluid according to any preceding 
Claim, 'further comprising an effective amount of a pour 

.s po-^ --7J^;^;, ,,,,, .e^^^^ 

elaim 'whose liquid components comprise an emulsion of 
TdiVrsed hvdrophilic liguid in the continuous oil 

,n "^^^^ wellbore fluid according to any of the 

preceding claims, further including added nutrients to 
accelerate biodegradation. „ the 

7 wellbore fluid according to any of the 
preceding claims, further including an electron 

^ .^.ctron acceptor is chosen fro. h-»tit.. nitrate 

e^itfi end sulphate salts. 

; wellbore fluid according to any preceding 
30 claim, 'wherein the oil phase further includes a 
biodegradable oil-miscible component. 

1o A wellbore fluid according to any preceding 
1 4« Which is substantially free of aromatic 
! cycloparrafins, cycloalkenes iso-alkanes 

.y.rocarbons cycl P ^^^^^^^^ 

35 11. A weliDo polyalphaolefins 

is additionally substantially free or p y f 
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.a. . .Alitor, "uid .ccor^ln, .o "^"^ "^^'^ 
pr«»ain, clal«. Which contain, no «>r. «»n by 
«lght cf br,»«he<> chain .lk-l-~«. 

13 A Mthod of arlUlng . "all M<aeU> xna 
, ^UXln, nul* IS . -llbor. nuU accord-. « any 

„llh^^^; Tld. o. an olX cc^rlsln, an ^ bavin, 
10 to 20 carbon ato... or .Ltures tharaof. 
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